INTRODUCTION
The term team science has been used in multiple and diverse contexts. [1] [2] [3] The National Institutes of Health's (NIH) concept of team science entails team members with training and expertise in different health profession fields working together to combine and integrate their knowledge, skills, and perspectives into single research projects that are clinically focused. [1] [2] [3] Some have argued that clinical and translational science, grounded in NIH's concept of team science, is the gold standard for team science. 4 
Significance of this study
What is already known about this subject?
▸ Little has been written about team science as interprofessional collaborative research practice. ▸ Team science has led to the science of team science (SciTS) which is a meta-analysis or meta-understanding of team science including the understanding, management, and evaluation of team science conditions, collaborative processes, and outcomes to enable translation of research findings into new scientific knowledge, advances, clinical practices, and policies. ▸ Interprofessional collaborative research practice occurs when disciplinarians or practitioners from more than one health-related profession engage in scientific inquiry to jointly create and disseminate new knowledge to health professionals in order to provide the highest quality of patient care to improve patient-level and population-level health outcomes. ▸ To date, interprofessional collaborative research practice and team science have developed along separate paths rather than an integrated one even though team science in many ways is interprofessional collaborative research practice.
What are the new findings?
▸ After completing a systematic review of the SciTS literature, we accepted the hypothesis that team science is an example of effective and impactful interprofessional collaborative research practice. ▸ Team science is a dimension of the larger domain of interprofessional collaborative practice. ▸ There currently is a paucity of interprofessional and/or interdisciplinary team-based research training for health professional students who are training to become researchers.
It is NIH's conceptualization of team science that we abide by in this review paper.
Team science is a means of attending to complex clinical problems by applying conceptual and methodological approaches from multiple scientific disciplines and health professions. 2 3 The evolution of team science has until recently been a missed opportunity for the field of interprofessional clinical practice and education (IPE). IPE has historically focused on educational interventions for prelicensure health profession students (eg, pharmacy, nursing, and medicine) in order to influence future clinical practice. [5] [6] [7] [8] Continuing professional education on interprofessional team-based care has also achieved some IPE traction, again with the focus on influencing clinical practice directly. With the focus on education interventions, team science has largely been overlooked as an example of interprofessional and interdisciplinary collaborative practice essential to the health professions and care of patients. The nature of the collaborative practice of team science is the creation of new knowledge through interdisciplinary research that is translatable to clinical practice. It has become increasingly clear that the ability of different health professionals to provide optimal care is dependent on the sharing of expertise, knowledge, and peer learning. 9 One example of the importance and use of team science is the domain of evidence-driven patient care that entails integrating clinical expertise with current best available clinical evidence from well-designed systematic research. Such research often informs clinical guidelines that can then be transformed into effective evidence-based clinical practice. Ultimately, effective patient care results from the combination of interprofessional medical practice and transdisciplinary scientific knowledge. Traditionally, clinical guidelines have been driven by evidence (science) produced by unidisciplinary teams or by an individual researcher. 10 11 Additionally, clinical guidelines rarely provide direction for team-based care. 12 13 As clinical and health-related problems become more complex, there is an increasing need to rely on team science as the nidus to produce evidence for the best possible care of patients that integrates the knowledge from multiple disciplines [14] [15] [16] and emphasizes the importance of team-based care. [17] [18] [19] Team science has given rise to the field of the science of team science (SciTS). SciTS is the understanding, management, and evaluation of team science conditions, collaborative processes, and outcomes to enable translation of research findings into new scientific knowledge, advances, clinical practices, and policies. In contrast, team science is an initiative to promote collaborative and frequently crossdisciplinary approaches to scientifically answer clinically related research questions.
A 15 20 is grounded in the same definition that we are using in this research study.
IPE is interrelated and forms an essential nexus where at the very least two or more professions learn about, from, and with each other to enable effective clinical collaboration to improve patient and population health outcomes 5 by delivering the highest quality of care. 6 In the IPE nexus, interprofessional education will lead to collaborative clinical practice which will in turn inform interprofessional education over time. To date, the IPE nexus and team science have developed along separate paths rather than an integrated one. Team science in many ways is collaborative research practice and belongs in the IPE nexus.
Collaborative research practice occurs when disciplinarians or practitioners from more than one health-related profession engage in scientific inquiry to jointly create and disseminate new knowledge to health professionals in order to provide the highest quality of patient care to improve patient-level and population-level health outcomes. 21 Research produces the evidence that guides empirically grounded clinical practice or evidence-based care. 22 The four features that characterize collaborative research practice can be converted into questions that can be answered. These questions are as follows:
Significance of this study 1. Is team science comprised of persons from more than one health-related profession who collaborate on research that leverages the perspectives and knowledge of the different health professions or disciplines? 2. Does team science foster sound scientific inquiry that takes into account, without compromising, the knowledge and expertise of multiple health professions? 3. Does team science create and disseminate new knowledge to health professionals from many disciplines? 4. Does team science provide a knowledge base/foundation for the highest quality of patient care and improved health outcomes incorporating interprofessional team-based care? This paper answers each of these questions by examining the contemporary literature on the SciTS produced in the past 10 years (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) and relates the SciTS to the overall field of IPE, of which collaborative research practice is a subset. The central research question of this review paper was: Is team science an example of interprofessional collaborative research practice? In this regard, we hypothesized that team science is an example of effective and impactful interprofessional collaborative research practice.
METHODS
We employed a modified preferred reporting items for systematic reviews and meta-analyses (PRISMA) approach, 23 which is organized by five distinct elements or steps: beginning with a clearly formulated question, using the question to develop clear inclusion criteria to identify relevant studies, an approach to appraise the studies or a subset of the studies, a summary of the evidence using an explicit methodology, and interpreting the findings of the review. The details of these five steps are described below.
Step 1: formulating the research question. Prior to conducting the literature search, the purpose of the study and a specific question were established, leading to the clarification of the inclusion criteria. Our question was: Is team science an example of interprofessional collaborative research practice? We refined the research question into the following hypothesis: team science is an important example of effective and impactful collaborative research practice.
Step 2: identifying the relevant work. The inclusion criteria emerged directly from the question guiding this review and were specified a priori. We chose to limit our literature search and subsequent analyses to published, peer-reviewed articles, from the time span of 2005-2015. We chose 2005 as the floor year because it was 1 year before the NCI conference, and we chose 2015 as the ceiling because that was the year we began our study. Unpublished literature was excluded from this review. Moreover, we chose to focus on the SciTS literature because that would assist in establishing the criteria of team science in order to compare it to our working definition of interprofessional collaborative research practice. Our literature search was further limited to papers written in English as well as only those that were health related. The identification of relevant literature was grounded by our adoption of NIH's definition of team science and SciTS.
PubMed and Google Scholar were queried in our literature search. Our search terms were different combinations of team science, interprofessional collaborative practice, the science of team science, and SciTS (the accepted acronym for the science of team science). The literature search was initiated using the terms 'team science as interprofessional collaborative practice'. It was subsequently refined to team science alone. We then searched using the terms 'science of team science', which was narrowed or refined to SciTS. The final search was conducted using the terms 'team science SciTS'. Patents and citations were explicitly excluded from our searches of the literature. For clarity purposes, a glossary of terms is provided in table 1.
Step 3: an approach to appraise the studies. To assess the selected papers, we created a table that included the full paper citation along with the four components of collaborative research practice. Two authors reviewed each article and a total of six authors reviewed the papers. In order to eliminate inter-rater bias as much as possible, the six authors were paired to each of the papers using a random pairing generator. Each author reviewed the paper individually to determine which, if any, of the four defining criteria were present and the overall inclusion criteria (defined in step 2). The authors reviewing each paper made a decision as to whether or not the manuscript should be included in the review. In total, 14 author pairs were generated, and each author reviewed between 6 and 18 papers each. Whenever there was consensus between both reviewers for all four categories, the paper was either included or excluded. When there was disagreement between the author pairs, the article was reviewed and discussed by all six reviewing authors and a final determination of inclusion or exclusion was made. Figure 1 Science of team science article selection flow chart by reviewer inclusion criteria. SciTS, science of team science. *Inappropriate refers to website and tool kit review papers, non-health-related papers, editorials, and descriptions of tool kits. *Multiple disciplinarians from more than one health-related profession who collaborate on research that leverages the perspectives and knowledge of the different health professions or disciplines. †Sound scientific inquiry that takes into account, without compromising, the knowledge and expertise of multiple health professions. ‡Create and disseminate new knowledge to health professionals of many stripes and disciplines. §Provide a knowledge base/foundation for the highest quality of patient care and improved population health outcomes incorporating interprofessional team-based care. SciTS, science of team science.
Step 4: summarizing the presented evidence. Each of the 32 papers selected for final appraisal were coded by the four collaborative research practice criteria indicated by the codes MD, KE, CD, and IPTC (see table 2 for code definitions). Each article was coded according to which of the four defining criteria of interprofessional collaborative research were present. At least one of the criteria needed to be present for the paper to be included in the final analysis and this led to some of the articles being excluded from the analysis. During the coding process, disagreement occurred in over 50% of the papers. Disagreements were resolved by discussion and all six reviewers came to consensus.
Step 5: interpreting the findings. In the Discussion section, the findings of this review are interpreted. In addition, a summary of the current focus on the SciTS and interprofessional collaborative research practice is presented. We also offer suggestions for incorporating team science as interprofessional collaborative research practice into interprofessional health professions education and clinical practice.
RESULTS
The literature search was conducted in Google Scholar and PubMed. The initial search using the terms 'team science as interprofessional collaborative practice' yielded no articles. Selecting for 'no citations' and 'no patents' and searching for the term 'Team Science', 3420 items were returned. Refining the search term to the 'science of team science', 676 items were found. Using the acronym 'SciTS' as the search term, reduced the items to 291. An examination of these items quickly revealed that the acronym is used by other entities to represent information other than the examination of team science. This led to the use of our final search terms 'team science SciTS'. Using these final terms yielded 67 articles. Once duplicates, non-English papers, reviews of websites or tool kits, non-health-related papers, editorials and descriptions of tool kits were removed, 32 articles were included for review. Figure 1 displays a flow chart of this selection process. Table 3 provides information on the 32 SciTS articles included in this review. Also displayed in this table are the criteria of interprofessional collaborative research practice that was met by each article reviewed. Table 4 displays a description of interprofessional collaborative research practice criteria coded per final articles reviewed (n=32). The articles reviewed were classified according to the number of interprofessional collaborative research practice criteria identified in each article by the paired reviewers and after all disagreements were resolved. Articles containing at least three or at least four of the criteria together comprised the largest group (30 papers or 93.8% with 12 papers or 37.5% containing at least four criteria and 18 or 56.3% for at least three criteria). Two papers (6.3%) were classified as containing at least two of the criteria and no papers (0.0%) were classified as containing only one of the criteria. Table 5 displays the frequency and per cent of the papers reviewed by each of the interprofessional collaborative research practice criteria coded by the reviewers. The first three criteria (MD, KE, and CD) had high percentages of occurrence or code (100%, 100%, and 90.6%, respectively). The fourth criterion (IPTC) was coded the least by the reviewers (40.6%).
DISCUSSION
NIH's concept of team science is a means of addressing complex clinical problems by applying conceptual and methodological approaches from multiple disciplines and health professions. 2 The ultimate goal is the improved quality of care of patients with an emphasis on better population health outcomes. We started this study hypothesizing that team science is an example of effective and impactful interprofessional collaborative research practice. After completing our systematic review of the SciTS literature, we believe that this hypothesis can be accepted, concluding that team science is a dimension of interprofessional collaborative practice. Specifically, interprofessional collaborative research practice allows disciplinarians or practitioners from more than one health-related profession to collaborate on research that leverages the perspectives and knowledge of different health professions or disciplines. [24] [25] [26] We reviewed and analyzed the SciTS peer-reviewed articles because SciTS studies the effectiveness and characteristics of research teams engaged in scientific inquiry. Ultimately, SciTS was a better comparator to In our analysis, three of our criteria defining interprofessional collaborative research practice-MD, KE, and CDcorrelated highly (100%, 100% and 90.6%, respectively) with the content of SciTS papers reviewed; therefore, team science creates and disseminates new knowledge to health professionals from many disciplines. Intriguingly, it was also the case that in our analysis of SciTS focused papers using the lens of our four-part definition of interprofessional collaborative research practice, one of our criteria was not present in 40.6% of the 32 articles reviewed. This neglected criterion was to provide a knowledge base/foundation for the highest quality of patient care and improved population health outcomes incorporating interprofessional team-based care. This is not to say that team science has neglected this-only that SciTS did not incorporate it fully in its analysis of team science. This is ironic given that a prominent goal of Clinical and Translational Science Awards (CTSA) is to develop teams of investigators from various fields of research who can take scientific discoveries and turn them into treatments and strategies for patients. 26 One reason heretofore that team science has remained distant and separate from interprofessional collaborative practice is that it emerged and became established with NIH's funding of CTSA. This initiative by NIH was grounded in the dual recognition that some of the most cutting edge health science research takes place at the borders between disciplines and professions but the siloed efforts of researchers have propagated uniprofessional and individual research endeavors. [24] [25] [26] Translational science funding was established to dismantle these research boundaries but in so doing neglected to conceptually connect team science with the field of IPE. In turn, once team science and SciTS became more established, the field of IPE missed the opportunity to embrace SciTS as an example of interprofessional collaborative practice focusing on clinical knowledge production through research.
Clearly, the increasing complexity of morbidity and the management of associated diseases and conditions require that health science researchers move beyond the boundaries of their own disciplines and professions 25 in order to produce sound scientific evidence for the best possible care of patients. In the field of IPECP, there has been a growing recognition that it is at the intersection of health professions education and clinical practice where population health outcomes will be most affected. The National Center for Interprofessional Practice and Education (NCIPE) at the University of Minnesota refers to this intersection as the nexus. [27] [28] [29] [30] There is a burgeoning recognition in the team science and SciTS literature 19 24 that for team science to actually gain long-term traction in successfully translating the findings from interprofessionally generated science into team-based clinical care, scientific and research training must change to incorporate a meaningful interprofessional dimension to it. This approach is significant because research training is typically discipline specific (eg, epidemiology, pharmacy, medicine, nursing, etc) with some overlap in data collection, study design, and data analysis techniques. Very little research training is team based or interprofessionally based. Just as health professions students ( pharmacy, medicine, nursing, dentistry, etc) need interprofessional training for team-based clinical practice, health-related professional students who are training to become researchers need interprofessional and/or interdisciplinary team-based research training.
IPE has focused on bringing interprofessional education and health professional training together with clinical practice. In contrast, team science has only recently started to merge interprofessional research training with translation into clinical practice. There are essentially two nexi that need to be integrated. The integration that we propose is depicted in figure 2 . This is a modification of the depiction of the nexus currently used by the NCIPE. The nexus is expanded to bring together health professions education, clinical practice, and health sciences research training and practice. The long-term goal of this expanded nexus, then, is to impact the triple aim outcomes 31 of improved population health, increased satisfaction with healthcare received, and reduced healthcare costs.
CONCLUSIONS
Our literature review of the SciTS clarified that team science itself is an essential dimension of interprofessional collaborative research practice. It is important going forward that team science be incorporated into an expanded understanding of the NCIPE's nexus in order to bring together health professions education, clinical practice, and health sciences research training and practice.
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